Abstract. Myeloperoxidase (MPO) is a lysosomal enzyme found in the azurophilic granules of polymorphonuclear leukocytes. It is involved in the defense against periodontal bacteria, and is also able to mediate inflammatory tissue destruction in aggressive and chronic periodontitis. The aim of this study was to explore the association between MPO-463G/A gene polymorphism and aggressive periodontitis (AgP) and chronic periodontitis (CP). The study included 147 subjects. Probing depth (PD), clinical attachment loss (CAL), plaque index (PI), and gingival index (GI) were recorded as the clinical parameters. Genomic DNA was obtained from the peripheral blood of 32 subjects with AgP, 25 with CP, and 90 reference controls. We genotyped the MPO-463G/A polymorphism using the PCR-RFLP method. All data were analyzed using SPSS version 13.0 for windows. There were no significant differences between the CP patients and controls regarding MPO-463A/G gene polymorphism either in terms of allele frequency or genotype frequency of MPO-463A/G. However, either in terms of allele frequency or genotype frequency of MPO-463A/G, there were significant differences between the AgP patients and the controls. In conclusion, our data suggest that MPO-463G/A may be associated with increased risk of aggressive periodontitis in Turkish patients.
Introduction
Periodontitis is the most prevalent chronic destructive inflammatory disease affecting teeth and their supporting tissue including bone in humans [1] . The progression of periodontal diseases, initially originating from bacterial colonization, from gingivitis to advanced forms of periodontitis is modified by several factors including immunological, environmental, and genetic, as well as age, sex, and race [2] [3] [4] . Gene expres-sion profiling of local and peripheral cells may identify genes expressed in subjects with periodontal disease [5] . Blood neutrophils of subjects with periodontitis produce high levels of proteolytic enzymes and reactive oxygen species, and microarray analyses showed molecular defects in signal transduction [6, 7] .
Myeloperoxidase (MPO) is an enzyme that catalyzes the formation of microbicidial hypochlorous acid enabling defense against the bacteria involved in the pathogenesis of various inflammatory diseases including periodontitis [8] . During inflammation, myeloperoxidase and eosinophil peroxidase are generated by phagocytic white blood cells, such as neutrophils and eosinophils [9] . It is generally thought that MPO kills microorganisms by oxidizing chloride (Cl − ) in- to hypochlorous acid, a highly reactive and toxic oxidant, which is able to oxidize many biomolecules substantially faster than it does H 2 O 2 [10, 11] . The initial product of the MPO-H 2 O 2 -Cl system is the potent antimicrobial oxidant hypochlorous acid/hypochlorite (HOCl/OCl). However, under pathological conditions, persistent activation of the MPO-H 2 O 2 system of activated phagocytes may adversely affect tissues [12] . The MPO gene is highly polymorphic and one of the most common single nucleotide polymorphisms in the promoter region of the gene, −463G/A, was found to be functionally important [13, 14] . This polymorphism was reported to be associated with coronary artery disease [15] , helicobacter pylori infections [16] , neurodegenerative disorders [17, 18] , lung cancer [19] , and periodontal disease [20] . No data have been published to date on MPO −463 G/A gene polymorphism in different periodontal diseases. Pursuing this interest, we investigated whether the −463G/A polymorphism of the MPO gene was associated with the risk of aggressive and chronic periodontitis in the Turkish population.
Subjects and methods
This study was performed at the Department of Periodontology in the Dental Faculty at Gaziantep University. The study protocol was approved by the Ethical Committee of Gaziantep University Medical Faculty, Turkey. The patients were informed about the purpose and method of the study, and they all agreed to participate. All of the subjects were chosen from those patients without any systemic or oral disease except for peridontitis, and from those who were non-smokers. The exclusion criteria were pregnancy, lactation period, and intake of antibiotics or anti-inflammatory drugs in the previous 6 months, and systemic diseases with an influence on periodontitis. A detailed medical, oral, and family medical history was taken, followed by a complete periodontal examination and appropriate radiographs. For periodontitis patients, measurements of probing depth (PD) and clinical attachment loss (CAL) were made at six sites (mesiobuccal, buccal, distobuccal, mesiolingual/palatal, palatal/lingual, distolingual/palatal) for each tooth using a manual periodontal probe (Williams' periodontal probe designed with 1,2,3,5,7,9, and 10 mm calibrations). Gingival index (GI) [21] and plaque index (PI) [22] were recorded at four sites (mesiobuccal, buccal, distobuccal, and palatal/lingual). The patients were diagnosed according to the criteria of the IWC 1999 International Workshop for a Classification of Periodontal Diseases and Conditions, and were assigned to have AgP and CP [1] . The patients and controls were from the same geographical areas.
Peripheral blood samples were collected in tubes containing EDTA (ethylenediamine tetraacetate) from both the healthy control group and patients with AgP and CP and stored at −20
• C until analysis. DNAs were isolated using the salt precipitation method [23] .
The region with a −463 polymorphism located at the promoter of the MPO gene was multiplified by PCR using MPOF (5' CGGTATAGGCACAATGGTGAG) and MPOR (5' GCAATGGTTCAAGCGATTCTTC) primary chains and an amplification control was performed with 2% agarose gel electrophoresis. The a amplified region was incubated for 16 hours with 5 units of Aci I enzyme at 37
• C and analyzed with 3% agarose gel electrophoresis [24] (Fig. 1). 
Statistical analyses
Analyses of data were performed using the computer software SPSS for Windows (version 13.0; SPSS Inc., Chicago, IL). The data were analyzed for appropriateness between the observed and expected genotypes as well as for Hardy-Weinberg Equilibrium (HWE) [25] . All analyses and differences were interpreted as statistically significant when p < 0.05.
Results
The study group included 32 subjects with AgP (31.7 ± 9.9 years of age), 25 subjects with CP (46.9 ± 9.9 years of age), and 90 healthy volunteers (42.8 ± 10.7 years of age). Demographic and clinical data of patients with AgP and CP and control groups are shown in Table 1 .
There was no significant difference between the CP patients and controls regarding MPO-463A/G gene polymorphism either in terms of allele frequency or genotype frequency of MPO-463A/G. However, either in terms of allele frequency or genotype frequency of MPO-463A/G, there were significant differences between the AgP patients and the controls ( Table 2 ). The frequencies of AG and AA genotypes in the MPO-463A/G gene polymorphism were more common in the AgP patients when compared to the controls (p AG = 0.000, p AA = 0.000).
No significant associations were detected in terms of HWE in the analysis of MPO-463A/G polymorphism in either the AgP and the CP groups or control group (Table 2) .
Discussion
To our knowledge, this is the first study to link the MPO-463G/A polymorphism with AgP and CP and it shows that this polymorphism is associated with an increased risk of AgP in the Turkish population (Fig. 1 , Table 2 ).
The involvement of MPO in inflammatory diseases has been supported by genetic studies reporting an association with the −463G/A polymorphism located in the promoter region of the MPO gene [14] [15] [16] [17] [18] [19] . It is well known that MPO activity is increased in inflammatory gingival tissue and gingival crevicular fluid [26, 27] . The polymorphism of the MPO gene promoter af-fects the risk of periodontal diseases. Recently, Meisel et al. [19] have reported an association between MPO-463G/A polymorphism and periodontal disease. They examined more than 3000 subjects, including 1083 patients (the rest were controls) and found that females with GG genotype were 50% more susceptible to periodontal disease, apparently because MPO released by reactive neutrophils damages the cells. According to the study, it was stated that through MPO G/A base change, mRNA expression and MPO level were decreased; however, MPO production was increased by the G allele in subjects with MPO −463G/A polymorphism [28] . Atzeni et al. [29] did not find any association between the −463 G/A MPO promoter polymorphism and susceptibility to, and clinical expression of, Behcet's disease. In the study, it was stated that the A allele in MPO-463G/A polymorphism might be related to atherosclerosis risk factors. In a different study, an association between increased risk of coronary artery disease and the GG genotype of MPO -463G/A polymorphism has been reported [14] . Asselbergs et al. [30] stated that the MPO-463G/A and AA genotypes decreased MPO expression twofold when compared with GG genotype. In the literature, the MPO-463G/A polymorphism has been associated with to Alzheimer's disease (AD) [16] and multiple sclerosis [17] where the GG genotype has been associated with a higher incidence of disease in women. More recently, Reynolds et al. [31] have shown that the A allele was associated with an increased risk for AD in men carrying the MPO. These studies provide strong evidence that the polymorphism does result in a difference in MPO activity that affects disease susceptibility. Therefore, MPO protects against microbial invasion, whereas in inflammatory disease states, it unintentionally contributes to cell damage [32] . However, the assessment of MPO as a biological marker requires knowledge of its biological variations, which are poorly documented.
The precise mechanisms underlying the relationship of the MPO polymorphism and periodontal disease remain unclear. MPO protein is mainly expressed at high levels in neutrophils, monocytes and some reactive microglial [31] . The G allele is the wild type with normal MPO expression, while the A allele is a lowexpression allele [12] . There were no significant differences between the CP patients and controls regarding MPO-463A/G gene polymorphism either in terms of allele frequency or genotype frequency of MPO-463A/G. However, either in terms of allele frequency or genotype frequency of MPO-463A/G, there were significant differences between the AgP patients and the controls (Table 2) . Importantly, we found that the MPO-463 AA genotype or A allele had a role in susceptibility to AgP and that the presence of the A allele had a 10 times greater risk for AgP (Odds-ratio=3.159−0.315, p = 0.000) ( Table 2) . Moreover, the GG genotype at the MPO-463G/A gene was more prevalent in controls than in AgP patients, suggesting that the GG genotype may serve as a protective factor against AgP.
Our subjects with AgP and CP and the healthy controls did not satisfy the HWE. This might be explained by the fact that both cohorts represent highly selected groups, which could be genetically different from the average population [33] .
Within the limitations of this study, it is reported that MPO-463 gene polymorphism demonstrated a significant association with AgP. The different association of AgP and CP with this gene polymorphism may help to explain the differing aetiopathogenesis of AgP and CP. However, this data could explain only a small proportion of genetic susceptibility to periodontal disease. Furthermore, the possible role of MPO gene polymorphisms in periodontal diseases, including several factors such as genetic variation, age, sex, smoking and environmental and immunological factors, may therefore be worthy of further investigation. Further investigations addressing this question may yield clues to a more complete understanding of the role of the MPO gene in periodontal disease. In addition, further study may provide access to new drug targets and facilitate both pharmacological therapy and prevention of periodontal disease in the future.
In conclusion, our data suggest that MPO-463G/A may be associated with increased risk of aggressive periodontitis in Turkish patients.
